Enterprise resource planning (ERP) software is one of costly and crucial projects for business investment. Due to the selection criteria of ERP software are numerous and fuzziness, selecting the optimal ERP software is a critical process in the early phase of an ERP project. This paper presents a practical procedure which combines both the ISO 9126 standard and the fuzzy analytic hierarchy process (FAHP) approach to optimize the ERP selection problems.
INTRODUCTION
Due to the improvement of computer hardware and software capability, Enterprise Resource Planning (ERP) system had grown into an integrated software solution which is capable to run every function of an organization since the early 1990s, (Kapp, 2001) . ERP is a method for effective planning, and control for all resources needed to take, make, ship and account for customer orders in a manufacturing, distribution and service company (APICS Dictionary, 1998) .
As a result of the complexity of the business environment, the limitations in available resources and the diversity of ERP alternatives, ERP software selection is tedious and time consuming (Wei and Wang, 2004) . Therefore, ERP software selection is crucial in the early phase of an ERP project.
This paper presents a practical procedure to optimize the alternatives of ERP software. This procedure combines both the ISO 9126 standard and the fuzzy analytic hierarchy process (FAHP) approach, thus it is excellent to solve the decision making problems and facilitates group fuzzy decision making process.
Two practical cases in Taiwan which belong to different industries, one is semiconductor manufacturing industry (company A) and another is chain store retailer service industry (company B), demonstrate the practicality of the procedure. Owing to the different users requirements of ERP software might exist interactions and trade-offs (Nixon, 2000) . Both cases are also compared the similarities and dissimilarities between them.
PREVIOUS RESEARCH ERP Software Selection Method
Qualitative methods are very widely used in the past to score, rank, optimize and analysis the ERP software or other information technology (IT) system selection problem. Scott and Kaindl (2000) proposed a conceptual model for ERP package enhancement. Verville and Halingten (2003) also suggested a six-stage model to evaluate ERP software. However, the quantitative methods were more often been used. Buss (1983) presented a ranking method in the early periods of IT projects. Rao (2000) evaluated ERP software package by using decision tree. Kumar et al. (2002) applied basic statistics in a real ERP selection case. Mathematical optimization methods such as goal programming, 0-1 binary programming and non-linear programming are also widespread been presented (Santhanam and Kyparisis, 1995 , 1996 , Lee and Kim, 2000 , Talluri, 2000 . Owing to the essence of IT system selection problem is a multi criteria decision making (MCDM) process, several papers adopted analytic hierarchy process (AHP) to be the analytical tool (Schniderjans and Wilson, 1991, Wei et al., 2005) .
Selection Criteria of ERP Software
When implementing an ERP project, price and time are both the most important factors, besides, the vender's support is also a crucial issue (Langenwalter, 2000) . Except the investment cost of ERP project, the annual maintenance cost and human resource cost are also the potential expense for organizations (Butlar, 1999 , Bingi et al., 1999 . Wei and Wang (2004) sift three categories of attributes to select an ERP system including project factors, software system factors and vender factors. Everdingen et al. (2000) explored that software system and supplier are the major criteria which contents 10 sub criteria for selecting an ERP system. Bernroider and Koch (2001) even found that the priorities of criteria are different between small-medium sized company and large sized company. The system integration between existing information systems and ERP system is a further technical problem which might complicate the entire ERP project (Holland and Light, 1999) .
Software Quality Model
McCall et al. (1977) earliest proposed a prototype of software quality model which contents 11 criteria. Boehm et al. (1978) enlarged the characteristics of software and incorporates 19 criteria. Grady and Caswell (1987) defined five major factors containing 24 attributes for software quality and named FURPS model. These quality models are very similar to one another in many respects but differ mainly in terminology. Therefore, ISO 9126 standard (1991) standardized these quality models and drawn on the various quality models to produce a small set of six consistent characteristics, which give coverage of the main concepts of interest. The ISO 9126 software quality model is also been chosen to describe the software quality characteristics in our proposed procedure.
FAHP and Fuzzy Set Theory
Frequently, human judgments are often ambiguous and cannot estimate his/her preference with a crisp numerical value (Herrera and Herrera-Viedma, 2000) . Fuzzy set theory is developed for solving problems in which description of activities and observations are imprecise, vague and uncertain. Since Buckley (1985) incorporated the fuzzy set theory into the traditional AHP, FAHP were becoming a suitable tool to solve the real-world MCDM problems (Buyukozkan et al., 2004, Huang and Wu, 2005) . FAHP had used to select e-marketplace software and evaluated the public transport system (Buyukozkan, 2004 , Hsu, 1999 . Other fuzzy set theories are also popularly adopted. Cheng and Lin (2002) adopted fuzzy Delphi method to evaluate the best main battle tank. A fuzzy multi criteria group decision making approach was proposed to select configuration items for software development (Wang and Lin, 2003) .
PROCEDURE FOR THE OPTIMAL ERP SOFTWARE SELECTION
This section presents our proposed procedure which is containing five stages (See Figure 1) . A stepwise progress is readily described as follows: 
Selection Criteria Extraction of ERP Software

Software quality criteria
The 21 criteria of ISO 9126 standard is chosen to describe the ERP software quality characteristics. This software quality model identifies six key quality attributes. The detailed characterization is presented as follows (Bache and Bazzana, 1994 ) (See Figure 2) .
(1)Functionality This attribute is defined as the degree to which the software functions satisfies stated or implied needs and can be broken down into five sub-characteristics as follows: suitability, accuracy, interoperability, compliance and security.
(2)Reliability This attribute is defined as the capability of software that could maintain its level of performance under stated conditions for a stated period of time. It can be decomposed into three sub-characteristics as follows: maturity, fault tolerance and recoverability.
(3)Usability
This attribute is defined as the degree to which the software is available for use and can be broken down into three sub-characteristics as follows: understandability, learnability and operability. This attribute is defined as the degree to which the software makes optimal use of system resources. It can be decomposed into two sub-characteristics as follows: efficiency of time behavior and efficiency of resource behavior.
(5)Maintainability
This attribute is defined as the ease with which repair may be made to the software and can be broken down into four sub-characteristics as follows: analyzability, changeability, stability and testability.
(6)Portability
This attribute is defined as the ability of software that can be transferred from one environment to another. It can be decomposed into four sub-characteristics as follows: adaptability, installability, conformance and replaceability.
Management criteria
As mentioned above, the generally selection criteria of ERP system contents three major criteria: vender factors, cost factors and time factors. By the way of literature review and deep interview with two project teams of company A and company B, we sift out four sub criteria of vender factors and four sub criteria of cost factors. And then we sort three time fences of the ERP project road map to be the sub criteria of time factors.
Consequently, total 11 sub criteria have decomposed from three major criteria. The 11 criteria are displayed as follows, and we categorize them to the management criteria.
(1) Sub criteria of vender factors: market share and reputation, industrial credential, service and support, training solution. (2) Sub criteria of cost factors: software cost, hardware cost, annual maintenance cost, staff training cost. (3) Sub criteria of time factors: time for planning and preparation, time for BPR and system tuning, time for testing and go-live.
FAHP Approach and Defuzzification Policy
FAHP stepwise procedure
Step 1: Create the hierarchies According to the problem characteristics, to decompose each attribute and build up the hierarchy structure, the 0 th layer represents the ultimate goal; the 1 st layer represents the primary aspects that affect the ultimate goal; the 2 nd layer represents the major decision criteria of the 1 st layer, and so on. The last layer represents the alternate choices of the feasible solutions.
Step 2: Create fuzzy pairwise comparison matrix According to the layer structure built up in Step 1, the decision importance criteria converted into the semantic format were used to design polling questionnaires. The next phase was to convert the results of the questionnaire into fuzzy pairwise comparison matrix by using Saaty's 9 scales.
Step 3: Group combination (unification, integration) After creating the fuzzy pairwise comparison matrix, the geometric mean of each criteria in the matrix was calculated as Buckley suggested.
Step 4: Build up the fuzzy positive reciprocal matrix After
Step 3, obtaining the final calculated fuzzy numbers for each layer could form the fuzzy positive reciprocal matrix.
Step 5: Calculate the key factors' fuzzy weights
The formulas are suggested by Buckley's fuzzy AHP model. Step 6: Hierarchy layer sequencing
In the final step, the sequential layers are linked together to calculate the final fuzzy weight values for each alternative.
Defuzzification policy
We adopt the center of gravity method to be the defuzzification policy. The defuzzified number is calculated by formula (1).
: is defined as the value within the range of variable v . Where the area under the graph of membership function C is divided into two sub areas.
TWO APPLICATIONS
There are two kinds of ERP selection attributes that had been classified as mentioned above, software quality attributes and management attributes, respectively. For the software quality attributes, we introduced ISO 9126 standard including six major criteria and 21 sub criteria to be the assessing attributes. Further, three major criteria including 11 sub criteria in the management attributes were also explored. Finally, the hierarchy structure of ERP selection model is established in Figure 3 .
The ultimate goal and two kinds of ERP selection attributes are set in 0 th layer and 1 st layer, respectively. The 2 nd and 3 rd layers belong to major criteria and sub criteria, and the feasible ERP software are put in the alternative layer. Two empirical cases in Taiwan, company A and B, belong to different industries were conducted to prove the practicality of our proposed procedure. 
Background illustration
Company A is an IC (integrated circuit) testing firm which is located in Hsinchu Industrial Park. This company who provides a total semiconductor testing solution tests both wafersand IC chips for customers, so customer requirements are extremely important for this company. In order to enhance the competition in industry and meet the customer demand, company A determines to integrate the various information systems in every department within the ERP software.
Stage 1: Project initiation and requirements identification
Firstly, the general manager of company A organizes the project team including nine senior managers in different departments: administration, finance, marketing, manufacturing, quality assurance, information technology and three product engineer departments. The general manager also identifies several distinctive requirements and the qualified ERP software should provides the following functions:
(1) The original MES (manufacturing execution system) must be integrated in the ERP software. (2) The ERP software could expend to SCM (supply chain management) and link the APS (advanced planning and scheduling) system. (3) The CRM (customer relationship management) function is an additional plus.
Stage 2: Feasible software search and selection criteria extraction Once the requirements and the particular functions of ERP software are well defined, the project team could search qualified ERP software. After the preliminary screening by the limitation with budget, time and software functions, four feasible ERP software alternatives are came out. Among the four candidate alternatives, software I is an European product, software II is an American product, software III and IV are the local product in Taiwan.
Further, total 32 criteria including 21 criteria of ISO 9126 standard and 11 criteria of management attributes are extracted to describe the ERP software quality characteristics and management characteristics, respectively. Table 1 ).
Then using the hierarchy structure of total 32 criteria and the stepwise FAHP approach as mentioned above, the fuzzy weights of layer 1 st , 2 nd and 3 rd are calculated by nine senior managers. After the fuzzy weights of each layer has been computed and linked together, the final fuzzy weights of entire 32 criteria is calculated as shown in Table 2 . Table 3 lists the fuzzy scores for four alternatives relative to the first criteria "Suitability", and other fuzzy scores for four alternatives relative to remaining 31 criteria are computed as the same way. Ultimately, the final assessment result is presented as Table 4 .
Stage 5: Selecting the optimal ERP software Base on the computation result in Table 4 , the American ERP software II is the dominant solution in the final rank. And the nine senior managers decide that system II is the optimal decision for their company. Time behavior * The response time of report is reduced under the equivalent data processing loading. Resource behavior * The resource duration that is suggested by the supplier. Analyzability * The software could record the log files of all transactions. Changeability * The software is well-modularized * There are high-level cohesion and low-level coupling between the software modules to avoid ripple effect. Stability * The software would not failure after the customizing modification. Testability * The software has particular test programs for each function of every module. Adaptability * The software could be installed on various operation systems such as UNIX and Windows, etc. Installability * The software could automatically process the dependence between modules. * One step installation when initiation. 
Company B: Chain Store Retailer Service Industry
Background illustration Company B is the biggest chain store retailer of home improvement in Taiwan. This company owns over 20 direct stores in Taiwan and the business revenue is over 300 million US dollars per year. The company hires a staff of 1,500 people and there are over 30,000 merchandises for sale. Due to the sales and size of company is growing up and the number of upstream supplier is more than 500 firms, there are over 30,000 orders per week.
Thus, the company B decides to spin-off the MIS department and establishes a subsidiary company to manage the data transaction of parent company B. Through this project, company B determines to replace the information system of entire company.
Stage 1: Project initiation and requirements identification
The general manager of company B organizes the project team including seven senior managers of different departments: administration, finance, warehouse management, supplier management, store management, purchase and a senior manager of the subsidiary company. The general manager also brings several distinctive requirements and the qualified ERP systems should provide the following functions:
(1) The original POS (point of sales system) and EOS (electronic order system) must be integrated in the new ERP system. Table 1 and calculating the fuzzy weights of each layer by eight decision makes, the final fuzzy weights of entire 32 criteria are calculated as shown in Table 5 . Table 6 lists the fuzzy scores for three alternatives relative to the first criteria "Suitability", and the final assessment result is presented as Table 7 .
Stage 5: Selecting the optimal ERP software As shown in Table 7 , the European ERP software I is the dominant solution in the final rank. And the project team agrees that software I is the optimal decision for company B.
Comparison of Semiconductor Industry and Chain Store Retailer Industry
Through the presented in Table 8 as below, time issue is the most important criteria to both manufacturing industry and service industry. But there are still lots of criteria existing variation between various industries. It reflects the business functions and particular requirements in different industries. CONCLUSION This study proposes a five stage procedure for group decision makers to optimize the ERP software selection problem. The procedure introduces ISO 9126 standard to interpret the quality characteristics of ERP software, hence, a more specialized overall concept is conducted for ERP selection problem. Fuzzy AHP method is also applying to evaluate the ERP software alternatives of a real-world decision making problem.
According to the two successfully empirical cases in various industries, our proposed procedure is practical and flexible for use. Among the cases study, there are 32 criteria sifted out from two attributes, software quality attribute and management attribute, respectively. Base on the comparison between semiconductor industry of company A and chain store retailer industry of company B, we found that various industries exists diverse weight priorities between criteria. However, we also discovered that time issue is the most important criteria to both manufacturing industry and service industry. 
